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EmIMAm 

Tbis report  presents the resulte of p i l o t  obeervations and 
photograph of the c q r e s s i o n  shock wave on the w i n g  of 89 air- 
plane in f l ight .  A detailed description of the test conditions 

' necessary and the procedure t o  be followed in  producing the visible 
shock are presented. The phyaical phencmrencm occurring is dia- 
cussed, and, although the observations presented have been -de on 
but three airplanes, it is indfcated that it should be possible t o  
obta in  photographe of 8hocks on any atlplase if the  correct %est 
conditions are duplicated. The pilot's  kpservatione fpf the # c c w  
r6nce of an oscillatfng shock wave and i t 8  possible  relationship 
w i t h  the  a'lrplane  buffeting am also presented. It is suggested 
that future  extension of the method to the study of shock waves 
over other surfaces may prove fruitful. 

During high-speed dive t e s t s  of a single-engine fighteptype 
airplane, the pilot noticed a visible  indication of the normal 
ehock w'avewer the w i n g  of the tspe that was f fret  reported by 
Major Frederick A. Boreodf of the AE-my A i r  Forces. Subsequent 
attempts t o  duplicate the conditions necessary t o  the fomation 
of this  visible shock-wave image met with such succe86 that. am 
analysis of the physical phenomenon involved w a s  made and is 
presented in this report. Certafn eimple ru les  were establhhed ' 
which m u s t  be adhered to in producing these visible shoc-k-wave 
h a g e s  at  w i l l .  The inetalJ-atfon of either limillfneter o r  
3mi l l ime te r  motion picture C B S L B ~ S  in three different airplanes 
produced numerous photographs of the ahock wave on both the w i n g  
and the canopy, 

The pilot's  observations are used freely throughout  the 
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discuasion, and several  possible  applicatione of the method  &re 
suggested which are based on the xilot 's  osinion-of the method's 
u t i l i t y  as a regular  testing technique. 

TEST comrmoNs AM) PROCEDURE 
Physical  Explanation of Image 

The conditione-  necessary t o  produce visible shock-wave irnages 
&re basically the same as those  required  for any ahadowgraph image 
of a pressure  discontinuity. A l igh t  8omce of suitable  intensity is 
used t o  produce parallel light, which is refracted upon pwsing 
through a varying  density medium before  falling upon a screen  or 
vTetring surface. A camera may be added for recording  purposes  but 
is not  essential   for viewing  purposes. In  this   par t icular  apslic- 
t ion  of the shadowgraph principle, the sun is used as the light 8ource 
and the w i n g  surface as the viewlng screen. The types of image  pr- 
duced are shown in   f igure  1. Note that the image of the canopy shock 
appears in profile  directly above the shadow of the oanopy i t se l f ,  
while  the w i n g  shock is in plan form. 

An interpretation of the physic~l phenomenon involved in the  
w i n g  image can be made by referring  to  f igure 2. Parallel l i gh t  
from the sun passes  through  the  lowdensity air ahead of the shock 
wave and is refracted toward the  rear upon entering  the  highdensity 
region behind the shock wave. As the  pressure change is greater 
near the surface, the amount of refraction is greater  there  also. 
Coneequently, one would expect a dark band immediately behind the 
shock-wave wing intersection, followed by a l igh t  band. An examlna- 
t i o n  of figures 1 and 2 shows t h i s   t o  be the case. The invzge of the 
canopy shock shown at the l e f t  of figure 1 has a greater width  of 
dark and l igh t  bands than the wing shock, because of the c o n i c a l  
shape of t h e  shock wave and i t e  greater dietance from the w i n g  which 
served a8 the background or  vieXing surface. 

Experinlent6 have ePloxn that t he  clearest ehockdmve imebgee are 
produced when the t3m is near i ts  zenith and lying approximately in 
the  plane formed by the lateral asd directional axes of the airplane. 
A draw3ng showing the proper  orientation of the sun with  respect to 
the airplane is presented in  figure 3 .  Visibi l i ty  of t he  wing shock 
'mve from the cockpit m8 about the same looking  either into or away 
from the sun in the cases where the sun wae not at i t s  zenith. 



XACA RM No. A&25 3 

Campy shock waves, of course, are  produced only on the down a m  
wfng  and require the sun to be ne= but not at its zenith, The image, 
in  this case, is seen on the Iziboard portion of the wing where visi- 
b i l i t y  is best from the  cockpit. 

Considerable diff icul ty  has been  experienced i n  obtaining 
praminent shock-ve pictures during the Winter months (kt. - Feb. 1 
due t o  the low angle of the e m  at i ts  zenith.' Conversely, during 
the 6mm3r mntha no difficulty was  experienced in obtaining strongly 
vfsible shock waves and, fur themre,   the   la t i tude with respect t0 
the smirphne relationship is the greatest. Satisfactory  results 
were obtained during t h i s  period with the sun as  much a6 20° forward 
of the   l a te ra l  and directional axis plane as indicated in figure 3. 

An account muat be taken of the airplane  attitude  required to 
obtain  the  cri tfcal  Mach nmiber necessary f o r  shock formation. Ai- 
planes which require a relatively  steep  angle of dive m u s t  be dived 
i n  sone degree toward the sun; whereas j e t  aircraft attaining miti- 
ca l  Mach  nzmibers in leve l   f l igh t  may be eqected to obtain the best 
results w h i l e  the sun is  directly overhead a B  is indicated from a 
etudy of figure 3. 

. 
Location of Pilot  and Camera  

Location of the pilot  with reepect t o  the shock-;wave image on 
the wing is also of great importame in   re la t ion  to i te   v i s ib i l i ty ,  
and is probabl~ the  outstaxding  reason wky obeemtion of the image 
has been reported only m e  before. 

It is interesting t o  mte that the pilot  was flying the same 
model Of a" when he first noticed  the 8hock wave a8 W&8 
Major Boreodi when he made h i e  initial observations . 

Subsequent flights i n  other airplanes, *re a. visible shock 
wave was produced, indicate that W e  phenomenon is not confined t o  a 
a w e  airplane, however, but hae been clearly observed OR two other 
ty-pes. Additional  comoboration is found in reference 1, where shock 
wave6 were observed a t   t he  -tip tank intersection. 

O n  the initial amlane, the p i lo t  was located almost squarely 
opposite the -hard station near &ere the shock occurs. If 
the line of the shock wave were ertended on this airplane from one 

seat. Photographs were obtained w i t h  cameras located near the 
p i l o t  * s head, approxFmately 30 inches  forward and 12  inches t o  the 

4 wing t o  the other, it would pass a h m a t  directly through the  pilot 's 

'. 



rear.  The  most distbt pictures  were  those taken with the camera 
directly in line  with  the  shock wave. 

Background  or  Viewing  Surface 

Some experimentation whs carried on with  background  colors. 
D a r k  blue,  light  gray,  red, and the  polished aluninum eurfaces .a l l  
produced  satisfaCtory  results,  although the best  black and white 
photographs were obtained  with  the red surface. 

RESWS AND DIS(=USSIOlV 

Location 

Shock waves have  been  observed on airplanes w i t h  both  the 
conventional and l o m a g  airfoils,  but  photographs of the l a t t e r  
only have been  obtained so far. Unpubliahed  chordwise  preasur- 
distribution  measurements made during  teste of a simlLar airplans  at 
the  Langley  Laboratory  have  been  added to figure 4 to  show  that t he  
shock+awe  location  Indicated by the  pressure  dietributfon agrees 
q u i t e  well  with  that  photographed in flight. The pressure distribw 
tion was mea8ured at the spanwise  location of the plot in figure 4, 
which is somswhat  outboard  of t h e  visible  portion of the  shock  wave. 

Movement 

Below t he  Mach numbere at  which  severe buffeting occurred,  the 
shock wave was observed to remain steady w i t h  Mach number and normal 
acceleration  held  constant.  With  increasing W h  number and constant 
acceleration,  the shockqave location  progressed  Bmoothlg  rearward, 
while,  with  increasing  acceleration and constant  Mach number, the 
location  progressed forward. 

As the atrplane m e  pushed to.still higher Maoh nlxnibers ernd t h e  
pull-out  begun,  the shock wave  would  begin to oscillate  fore ami aft 
with an amplitude of 2 to 3 inchee.  During  the  oscillation, t he  
general  shift in location  was  observed to remain  consistent  with 
changes in  Mach  number  and normal acceleration. In every case 
observed,  the  appearance of the  oscillation waer practically  coincident 
with  the  incidence of 8evere buffeting  of  the  airplane. As Mach 
number  was  decreased to t h e  point  where  buffeting  ceased, the shock 
wave  would  change  position,  moving  forward  steadily and decreasing 
in visibility  until  it  disappeared  when  the  Mach number f e l l  below 

.' 
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the   c r i t i ca l   for  the dng. Photographs illuatrkting t h i s  movement 
and dimhiahing visibi l i ty  are  presented in figure 5. The &mk- 
wave position in  perce-nt chord, which is also &om in this figure, 
was measured at  a s9amise lmat ion  of 28 percent of the semispan. 

The oscillating shock wave was observed on two dffferent 
airplanes and, In each case, a. def l n i t e  relationship w88 fe l t  by the 
p i l o t  between the frequency of osciLLation and of buffeting, although 
no quantitative measurements were obtained. 

On the f i rs t  test a 3 q h n e ,  the wing shock-ve image took the 
form of a m o t h  c u r ~ e  with one or more reflexee, extellding from 
about 18 inches from the wipg root +o wfthin 24 tnahes of the wing . 
t ip .  When oscill&ting, the entire shock wave appeared to mve as a 
unit, although the outboard section would become relatively  indietinct. 

. This airplane had a smooth,pinted surface a& was exceptionally free , 

f r o m  wavlness in t he  wfng skill. 

With a second amlane, having an unpainted wing a d  a r o w e r  
and mre  we.^ surface, t h e  shock wave appeared broken Into  several 
sections rather than the ~31~00th contimoue curve mentioned previously. 
Oscillation of all vlsibla segmnte took place simultassomly, 

- 1  although, again, the outboard position became idistkct. 

Photographs w e r e  ale0 obtained of the  image formed on t h e  wing 
surface by refraction of the campy shock m m e ,  o m  of which is 
presented in figure 1. This . Is  of particular interest  because it 
produces the ahock wave in profile, and c l e a l g  shows the form 
referred to as a lanibda shock. Photographs were obtained which 
showed a definite fore ard aft oscil lation of th i s  &ock wave over 
the  top of the canopy. 

Applications 

Although these observations have been limited t o  three airplanes, 
it is felt that the method could be made applicable to any airplane, 
provided meane of locating the c-ra overlookfng the wing a r e  avail- 
able at a station &host directly opposite the shock wave. It is 
true, however, that,in airplanes where the pilot   ie  located either 
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far foruard or  far aft of the w h g  station where the shock occurs, he 
uill be unable t o  see  the shock himeelf and so will encounter ~ o m e  
difficulty in placing the airplane  correctly in relation to the BUR. 
Practice  in an airplane where he can visually observe the shock wave 
and the  effect of the sun angle and airplane  attitude on its vis ibi l i ty  
should lllake it possible f o r  any pilot  t o  s e t  up the  correct  conditione, 
even though he l e  unable t o  observe the.shock wave himself. 

Perhaps the  greatest advantage of this method is i t 8  simplicity. 
Few instruments are required, and very l i t t l e   p rac t i ce  should be 
required of a competent pi lot  before he can attain good visible shock 
waves practically at  w i l l .  

The method should prove valuable i n  a further study of the 
relatiomhip between airplane  buffeting and shock-trave oscillation. 
A further extension of the method is indicated by the canopy  ehock 
photograph, which  shows the shock wave in  profile. By mounting the 
camera near the wing  t i p  and flying w i t h  the suzl dlrectly  opposite 
that wlng, it ehould be possible  to  obtain  profile shadowgraph images 
of the shock either against the side of the fuselage or against a low 
"fence" mounted a t  80- inboard wing station. 

It I s  possible that future  application may include  obtaining 
photographa of the shock waves over other parts of the  airplane 
(egg., on w i m t i p  tanks as reported in reference 1). 

Possible  Alternative Method 

In an attempt t o  obtain a v isua l   id ica t ion  of the wing ahock 
position by another  principle, a system of parallel dark lines was 
drawn over a white section of the wing. It.was thought that viewing 
these lines through the wing  ahock  wave would, due to  the differerne8 
in  refraction between the air i n  and out of the shock wave, c a u e  an 
apparent  distortion of the lines at the wlmshock-wave intersection. 
Photographs obtained when the shock wave was h o r n  to be present  did 
not reveal any noticeable  distortion of these  lines.  Further  develop 
mnt ,  however,  might show this method, whfoh has the advantage of not 
requiring  direct  sunlight, t o  be usable. 

The i n f o m t i o n  contained in this report shows that visible 
shock waves may be observed over the wing and from the canopy of 
certain  airplanes,ueiq only the sun as a l ight  source, if a given 
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i set of conditione is strictly adhered t o  by the  pilot. k . o m  the 
discussion and results,  the followlng general conclueions may be 
d r a w n r  

1. 5 method Kill produce satisfactory shock-wa~e lmages 
that may be either viewed or photograghed. 

2. Establiahmsnt of the correct test conditions i n  f l i gh t  is 
r e h t i v e l g  simple, requiring a minimum of practice by the pilot. 

3. Extension of the method to include a study  of the wing ahmk 
in  prof i le ,   the  shock over various other eurfaces, asd further s t a y  
of the relatiomhip between airplane  buffeting Etnd ahock-wave oscilla- 
t i o n  all represent possible future  a.pplications. 

ADBS Aeronautical  Laboratory, 
National Ad~isorg Comuittee for Aeronautics, 

Moffett  Field, Calif, 

1. Johnson, CWence L, : Development of the Lockheed P-8OA Jet 
Fighter Airp lane .  Jour. Aero. Sci., vol. 14, no. 12, Dec . , 1947, 
PP. 6 5 H 7 9 .  
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+ L eading  edge  Upper surface 
of airfoil I 2 1  

(u) Diugram o f  chordwise cross-section 

=i@E-7 

(b) Photograph equivalent to phnform view of [a) 

Figure 2.- /llusfrution of  mefhod of viewing locafion  of &ass 
of main compression shock  wave on fhe wing of an oir- 
plane in flight  utilizing the sun as the light source. 
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